Objective: To investigate the role of intratympanic (IT) therapy in the treatment of idiopathic sudden sensorineural hearing loss (ISSNHL).
INTRODUCTION
Idiopathic Sudden Sensorineural Hearing Loss (ISSNHL) is an acute, usually unilateral hearing loss that develops within a 72-hour period. A double-blind study in 1980 by Wilson et al. found better recovery rates in patients with moderate hearing loss, when treated with oral steroids (61%) compared to placebo (32%). 1 This study helped to form the rationale for the widespread use of steroids in the treatment of ISSNHL.
Intratympanic (IT) steroids have also been used to treat ISSNHL, with various studies concluding that IT steroids are effective as salvage therapy for patients refractory to oral steroids. [2] [3] [4] Other protocols have seen success with simultaneous use of IT and oral steroids as initial treatment 5 and IT alone has been shown to be as efficacious as oral therapy. 6, 7 The benefits of IT steroids are attributed to a higher perilymph steroid level. Dosing regimens vary from study to study, and higher concentration per dose has also been shown to be efficacious. 8 A retrospective review was conducted in a private practice setting to evaluate our internal results in an effort to determine how to best incorporate IT therapy into a clinical practice.
METHODS
The study was approved as exempt by the University of Hawaii Institutional Review Board for this retrospective review study (CHS# 23049). All data was deidentified prior to analysis. All ISSNHL cases were reviewed in a three-physician otolaryngology group private practice in Honolulu, Hawaii, between January 1, 2011 and April 12, 2015. Eligibility criteria for inclusion in the ISSNHL group included the following: age of 18 years, treatment initiated 90 days of onset, use of steroid therapy, pre-and posttreatment audiograms, and idiopathic etiology. As most patients were referred by primary care physicians, many patients received oral steroids prior to referral. Patients were considered to start treatment at the first dose of steroids. Patients were excluded from the study if a recognized etiology for hearing loss was determined: eg, stroke, acoustic neuroma, Meniere's disease, demyelinating diseases.
Data collected from patient records included gender, age, time between presenting symptoms and treatment, presence or absence of initial vertigo or facial nerve palsy, type, route and timing of steroid therapy, and if a primary diagnosis for hearing loss was a cause for exclusion. Primary outcome data were pure tone average (PTA), calculated as the arithmetic mean of hearing thresholds 500, 1000, 2000 Hz in the affected ear.
As this was a retrospective review, steroid therapy was not controlled. Patients were given one of the following regimens: oral, oral1IT, or IT alone. Oral steroid therapy followed clinical practice guidelines: prednisone 60 mg/day in two divided doses for 7 days, followed by a 5-day taper (50 mg, 40 mg, 30 mg, 20 mg, 10 mg) or dexamethasone 10 mg/day once daily for 7 days, followed by a 5-day taper (8 mg, 6 mg, 4 mg, 3 mg, 2 mg). 9 Patients started on a lower dose by primary care were increased to one of the above regimens. Most patients were started on a proton-pump inhibitor in conjunction with steroid therapy.
Initially, IT was used for salvage but this migrated to synchronous therapy. For patients with relative contraindications to systemic steroids such as a history of gastrointestinal hemorrhage from ulcer disease, IT was used alone. In this threephysician group, one provider was referred cases for IT injections. For IT treatment, standard protocol was three treatments of 10 mg/ml dexamethasone within 7-10 days. Injection was administered using two tympanic injection sites topically treated with phenol: one site for pressure relief superiorly in the anterior superior quadrant and the second inferiorly for dexamethasone administration. Over time, this changed to using one site superiorly with a slightly larger hole than the needle size, to allow both infiltration and pressure relief. Patients were placed in the lateral decubitis position with the affected ear up for 30 minutes and instructed not to swallow by spitting saliva into a cup. They were instructed to keep the ear dry after discharge.
Statistical Analysis
Descriptive statistics are presented as frequencies and percentage for categorical variables and as mean and standard deviations for continuous variables. Differences in baseline characteristics by type of treatment were analyzed using Fisher's exact test for categorical variables and one-way ANOVA for continuous variables, and difference between pre-and post-PTA was analyzed using paired t-test. Multivariable generalized linear models for repeated measures were performed to investigate association between change in PTA adjusting for age, gender, time-to-treatment and vertigo for all treatment groups. A P-value <.05 was considered statistically significant. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).
RESULTS
A total of 117 patients were identified with a diagnosis of ISSNHL. Of these, 53 ISSNHL patients were included in the analysis in the following subgroups: oral steroids (n 5 8), combination oral1IT (n 5 39), and IT (n 5 6). The main reason for excluding cases was the lack of a posttreatment audiogram. Three patients with acoustic neuromas and one with Meniere's disease were excluded. For all patients receiving intratympanic injection, all patients received three injections with the following five exceptions: two patients with less than three IT, two patients with four IT, and one patient with six IT. From medical chart reviews, irritability, moderate hyperglycemia, and insomnia were the most frequent complaints. There were no cases of gastrointestinal bleeding or significant gastritis. There were no major events requiring hospitalization.
Descriptive statistics are presented in Table I . The mean age of the study sample was 62.8 years, 29 (54.7%) patients were males, and 13 (25%) had vertigo. Among those with combined treatment, 19 (48.7%) had a salvage treatment delay. The average time between symptom and treatment was 21.3 days and the average salvage treatment delay was 4.8 days. Stratification of baseline characteristics by type of treatment is presented in Table II . Gender was significantly different by type of treatment (P 5.027). Mean initial PTA in the affected ear was significantly different by type of treatment (P 5.042), with the combined group having a greater loss at onset. Mean post-treatment PTA was significantly different by type of treatment (P 5.002). There was no statistical difference between the groups for change in PTA from pre-to posttreatment.
The PTA difference pre-and post-treatment is reviewed for all groups in Table III . For all groups together, the mean PTA improvement was statistically significant, 8.0 6 19.5 dB (P 5.004). For 31 patients treated 2 weeks after onset, PTA improved by13.8 6 16.6 dB (P <.001). Multivariable analysis results are presented in Table IV . Earlier time-to-treatment and older age were significantly associated with improved PTA outcomes. As time-to-treatment increased by each day, change in PTA decreased by 0.324 (95% CI [0.12, 0.52], P 5.002]. As age increased by each year, change in PTA increased by 0.802 (95% CI [0.36, 1.24], P <.001]. For the combined oral1IT group alone, earlier time-totreatment (P 5.001) and older age (P 5.006) remained 
DISCUSSION
This study represents the experience in a small private practice where all providers saw patients with ISSNHL, with referral to one provider to perform the majority of IT injections. The goal was to better understand the use of oral1IT combined therapy, as well as IT therapy alone for patients where systemic steroid therapy may be contraindicated. Although the literature supports both synchronous or salvage oral1IT therapy in the literature, we have evolved into recommending synchronous therapy considering the low risk profile of IT injections in the literature and in our practice.
As this is a retrospective review, the results must be viewed cautiously due to lack of control of multiple factors that could impact outcomes. These factors include the following: oral steroid type and dose, IT frequency, IT timing with oral therapy (synchronous vs. salvage), IT steroid concentration, timing of pre-and posttreatment audiometry, and inclusion of patients within a fixed time period from ISSNHL onset. For oral steroid therapy, we utilized high dose prednisone or dexamethasone therapy as recommended by clinical practice guidelines. 9 Patients who were started on lower dose therapy by their primary care provider such as methylprednisolone dose packs were increased to highdose therapy. Multiple variables exist surrounding IT therapy. The frequency utilized was three synchronous injections or salvage/delayed therapy for patients presenting after completion of oral steroids as recommended by the literature and practice guidelines. 9 Nearly all patients received three injections. Steroid concentration is an important factor in improving outcomes, with recent retrospective data showing statistically improved PTA for dexamethasone 24 mg/ml (compounded) versus 10 mg/ml (stock). 8 This higher dose is also recognized in clinical practice guidelines. 9 We utilized dexamethasone 10 mg/ ml since it is commercially available and the latter requires compounding with a short shelf life and is not readily available.
Timing of pre-and posttreatment audiograms should be carefully controlled in any study to best determine the impact of therapy on PTA. If the pretreatment audiogram is obtained further from the date of onset, some return may have already occurred when the audiogram is obtained. Posttreatment audiograms may also be done too early, potentially missing hearing gains over time. Anecdotally, we have seen several patients where longterm audiometric results were much better than shortterm results, and this has been substantiated in the literature. 10 In this study, there was no control in the timing of pre-and posttreatment audiograms. It is possible that with earlier pre-and later posttreatment audiograms, PTA results could have been better. We chose to review cases within 90 days of onset, whereas prospective series may evaluate patients within two to three weeks of onset to show better cause-andeffect of treatment. Current clinical practice guidelines recommend therapy for patients within three months of diagnosis. 9 We still consider treatment for patients up to three months, but counsel patients closely that chances for improvement are less with increased time-to-treatment.
Our data show that earlier treatment leads to improved PTA outcomes for the overall group and for the combined oral1IT subgroup. One study reported similar results for combined oral1IT therapy, with earlier time-to-injection statistically correlated with improved outcomes in patients with 30 dB improvement in PTA. 4 We have established relationships with primary care physicians in our immediate referral network to assist with rapid diagnosis, initial treatment with steroids, and timely referral of these cases. Tuning fork identification or the Rauch test 11 (patient hums with sound only heard in good ear for sensorineural, bad ear for conductive) can assist in diagnosing ISSNHL leading to immediate steroid therapy.
Our regression analysis indicates that younger patients have a poorer prognosis with ISSNHL. These results contradict the literature. In a similar regression analysis for patients receiving combined oral1IT having greater than 30 dB improvement in PTA, age was not statistically correlated with outcomes. 8 In earlier literature, older age in treated ISSNHL patients tends to be associated with a worse prognosis [12] [13] [14] [15] or no change in hearing improvement. [16] [17] [18] One prospective, longitudinal cohort study of 127 ISSNHL patients found no significant difference in PTA recovery rates in the various age groups studied (30, 31-50, 51-70, 71 years old), but did note a trend in poorer results in the more extreme age groups (30, 71 years old) 19 Attanasio et al. 20 found increased age was associated with worse hearing outcomes in their study of 496 patients; on subgroup analysis divided by age >65 years old, patients in the older subgroup had a statistically significant higher PTA both pre-and posttreatment.
Our study results contradict the literature with regards to age, with improved outcomes seen in older patients versus younger patients. This is a small series and it is always possible that the results of one or two older or younger patients could skew the results. However, more aggressive combined oral1IT therapy may potentially lead to improved results in the older patient. This also implies that younger patients may have more aggressive disease, which may warrant more aggressive therapy for this subgroup, or for any patient that fails initial therapy.
CONCLUSION
In the diagnosis and treatment of ISSNHL, results suggest that earlier treatment with steroids is better than later treatment, which follows accepted practice guidelines for ISSNHL. Timely diagnosis, early treatment with steroids, and referral by primary care providers to otolaryngologists will facilitate combined high dose oral and IT steroid therapy as supported by the literature and results of this study. Age at onset may potentially impact outcomes, but this would not influence whether combined oral plus IT therapy should be offered. 
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